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LATERAL BUCKLING ROLLED STEEL BEAMS 


Hechtman, A.M. ASCE,’ Hattrup, J.M. ASCE,’ 
and Tiedemann 


SYNOPSIS 


this experimental investigation the lateral buckling rolled steel 
beams under transverse loading, thirty-three beams with simple beam sup- 
port conditions depths from ten eighteen inches and twenty-one ten-inch 
beams with two types bolted semi-rigid end connections were tested, Good 
correlation between the experimental and the theoretical values the nomi- 
nal bending strength was found for the more slender simply supported beams 
which buckled the elastic range. The factor safety terms nominal 
bending strength the test beams with respect present and proposed de- 
sign formulas was determined, 


INTRODUCTION 


Prior 1946, the design rolled steel beams with laterally unsupported 
length was related the slenderness ratio, L/b.* Noting that this ratio 
neglects the influence the torsional rigidity the section and the restraint 
afforded the tension flange, Karl deVries extended the work 
and developed new parameter, Ld/bt. The former expressed 
the critical load and nominal bending stress for simply supported bisym- 
metrical I-shaped beam loaded the plane its web essentially the fol- 
lowing forms: 


(16K), (1) 


(2) 


being the total load the The above equations are written for the 
loading condition two equal concentrated loads the quarter-points the 
span 

The parameter, Ld/bt, was deduced deVries from the elastic buckling 
strength large number rolled beams under uniform top-flange load 
computed equations the general form Eq. developed the formu- 
la, 


20,000,000 
*Definitions the symbols are given the end this paper. 
Exec. Officer, Dept. Civ, Eng., George Washington Univ., Washington, D.C. 
Structural Engr., Corps Engrs., Portland, Oreg. 
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reasonable basis for the buckling strengths for common 
types transverse loading. Winter showed that the buckling strength for 
such beam under pure bending could expressed the equation, 


and that with certain approximations, which were slight for almost all rolled 
beams, the parameter Ld/bt and Eq. could derived from this equation. 
The application these same approximations the quantity, 
Eq. will also result this form the slenderness ratio and Eq. 

For the design slender beams, incorporated factor 
safety 1.67 Eq. and suggested the formula, 


12,000,000 
(5) 


Equation was adopted the American Institute Steel 
1946 for the design structural carbon steel rolled sections, plate girders, 
and built-up members bending with Ld/bt ratio excess 600, For 
shorter beams allowable unit bending stress 20,000 psi used, 

The L/b parameter for beams with laterally unsupported lengths use 
other steel specifications. 15,16) formula based may found 
Eq. 

expression for the critical buckling load beams under two equal 
symmetrically placed transverse loads was developed Winter and 
Schrader: 


The factors and depend upon the same variables the factor 
Eqs. and 
The present investigation had its principal objectives, 


The testing rolled steel beams the wide-flange and standard I-beam 

Correlation the test results with theory where possible, 

critical examination the Ld/bt parameter basis for predicting 
the buckling strength standard rolled beams. 

preliminary exploration the anticipated increase strength that 
semi-rigid end connections would afford. 

The determination the factor safety rolled steel beams with 
respect present and proposed design formulas, 


Values the factor were available for two cases interest 
this investigation, simply supported beams with concentrated load 
with uniform load over the entire span length. There was the possi- 
bility the existance more severe loading conditions. Therefore, the 
methods which Eqs. and were derived were compute 
the values for other loadings shown Fig, may seen this 
plot that the most severe loading the types investigated was that two 
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PURE BENDING UNIFORM 


CONCENTRATED AND 
LOADS ARE APPLIED TOP 
FLANGE BEAM 


Fig. Theoretical k-Values for Simply Supported Beams. 


equal loads the quarter-points the beam. This loading was used for all 
the tests. 

had been previously pointed that the parameter Ld/bt would 
predict the value the buckling strength less accurately for shorter beams 
than for longer since the shape the cross-section more significant. The 
desirability choosing test specimens three rolled sections with almost 
identical d/bt ratios, but with considerable difference the shape their 
led the choice the 10125.4, 12WF27, and 18WF50 sec- 
tions with d/bt ratios 4.37, 4.60, and 4.22, respectively. These three sec- 
tions, the first with tapered flanges and the remaining two with almost 
parallel flanges, would expected develop almost equal buckling strengths 
for the same span according Eq. The theoretical elastic buckling 


12 i } / 
CONC. LOAD MIDSPAN 
| 
6 


strengths these sections and the 10B15 beams predicted Eqs. and 
are shown Fig. 

Two types end support conditions were chosen for the test beams: first, 
simple support which would yield results that could compared with the 
values predicted the foregoing equations, and second, semi-rigid connec- 
tions similar those commonly found steel structures. The program 
tests given Table 


Mechanical Properties Beam Sections and Method Testing 


All the beams tested this investigation were rolied from the same heat 
plain-carbon semi-killed structural meeting ASTM Designation 
7-51T, the type commonly called “structural carbon steel.” Before 
each test, the initial out-of-alignment and twist the beam were measured 
well the dimensions the cross-section. From the latter were com- 
puted the actual slenderness ratios and moments inertia recorded 
Table Compression tests coupons cut from the beam flanges gave the 
stress-strain curves for each section. The mechanical properties thus de- 
termined are listed Table 

The method testing the simply supported beams shown Fig. 
The span-end cross-section the beam was prevented from tipping lat- 
eral restraints the toes the flanges. method applying the loads 
was evolved which permitted manual adjustment the loads the lateral 
direction keep their lines action vertical (see Fig. 4). 

The same method loading was used for the beams with semi-rigid end 
Rigid faces which remained parallel and free from rotation, 
but permitted axial translation, were provided for the end connections the 
manner shown Fig. Details the end connections themselves appear 
Fig. The web angle connection was scaled down from the standard beam 
for 14-inch depth order provide three bolts line 
the web. 

this program the quarter-point loads were first carefully located over 
the center plane the web the beam. Only the case the shorter 
Beams No, 25-30, 37-40, and 47-50, inclusive, was the additional procedure 
centering employed. 

beam under transverse loading, simple criterion centering 
exists for axially-loaded symmetrical column, When the initially 
curved beam loaded, will twist well deflect laterally. The center- 
ing criterion could then either two possibilities: placement the load, 
first, that lateral deflection the top flange the beam midspan 
occurred or, second, that rotation the midspan cross-section de- 
veloped, The latter criterion was chosen after the earlier tests showed that 
the rotations the beam cross-sections were more sensitive the posi- 
tions the loads and were more important determining the buckling 
strength the beam. Each load was adjusted laterally independently until 
the cross-sections under the loads and midspan showed little rota- 
tion load estimated about one-fourth the buckling load for the beam. 
After centering, the test was begun. 

The lateral deflections the top and bottom flanges, the vertical deflec- 
tions the beam, and the rotations the cross-sections were measured 
the sixth-points the span length frequent load intervals buckling. 
The unit strains the four toes the beam flanges midspan were de- 
termined SR-4 strain gages, These data are not presented this paper. 
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TABLE 
PROPERTIES TEST BEAMS 


Slenderness Actual Moment 


book Elasticity 


psi 


576 31,600,000 


31,600,000 
31,100,000 


1115 1052 
1120 1052 


Handbook Value 


558 
555 558 


832 837 
832 


1111 1116 
1111 1116 


Handbook Value 


Ao On 


575 
576 


723 690 30,300,000 
705 690 30, 300, 000 


1130 1104 30, 300,000 
1155 1104 000 


1725 1656 
1680 1656 


Handbook Value 


Computed from measured dimensions beams. 


Compression properties are averages results for two specimens from each mill 
section, one from each beam flange. gage length. 


No. # 
oint 
In. In.4 psi psi 
Supported 
120 
120 
150 
150 
240 
240 
360 
360 
122.1 6.9 
Simply Supported 
26 60 2.87 41,600 = 28,800,000 
2.87 41,600 28,800, 000 
120 2.86 42,500 29,200, 000 
2.79 
Simply Supported Beams 
120 
150 
150 
240 
240 
360 
360 
204.1 16.6 
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TABLE (Cont.) 
PROPERTIES TEST BEAMS 


Slenderness Actual Moment 


Hand- 
tual* book 


29,900,000 
000 


000 
000 


1012 29,900 , 000 


1518 
1518 000 


2530 29,900, 000 
2530 
2530 
Handbook Value 
10B1 


822 


120 1111 27,900, 000 
120 1111 


1679 000 
1679 000 


2215 000 


3290 29,800, 000 
3290 
3350 


Handbook Value 


Beams With Web Angle Connections 


826 837 2.82 
826 837 2.82 


1108 1116 
1108 1116 


1649 1674 
1649 1674 


2268 2232 
2183 2232 


3302 3348 
3320 3348 


an 

@ 


. 


2.82 
2.82 


2.86 
2.86 


2.90 
2 86 


2.82 
2.82 


Handbook Value 2.79 


Upper Prop. Modulus 
Yield Limit Elasticity 
Point 
In. psi psi 
Simply Supported Beams 

120 530 506 799 39,200 
120 534 506 764 36.04 34,200 

150 666 633 36.04 34,200 

240 1070 

360 1600 

360 1600 

55a 600 

55b 600 

600 

180 

180 

240 

240 

360 

360 

360 

2.79 
42,600 40,200 27,800,000 
120 41,500 33,000 26,600,000 
120 41,500 26,600,000 
360 41,500 33,000 26,600,000 


LOADING 


BEAM 


TEST BEAM LOADING 


KNIFE 


TEST BEAM 


LONGITUDINAL 


LOADING ROLLER 


SECTION DETAIL 


Fig. End Supports and Method Loading for Simply Supported 


PLUMB BOB 


CALIBRATED 
WEIGH BARS 


TRANSVERSE 
ROLLERS 


LOADING 


Fig. Fixture for Adjusting Load Laterally. 


However, they served very useful means observing the behavior 
the beams and the iminence failure. 


Results Tests 


Summaries the more important data these tests appear Tables 
and 

The plot Fig. shows the relation between the nominal bending strength 
and the actual slenderness ratio Ld/bt the simply supported beams, This 
figure and the individual plots Figs. and indicate that the buckling 
strengths the shorter beams the four section sizes fell more less 
the same order the theoretical strengths plotted Fig. 2., the 10B15 
section having the highest strength, the the lowest, and the 12WF27 
and the 18WF50 falling intermediate position. 

seems reasonable conclude that the Ld/bt parameter should ade- 
quate for designing the wide-flange and standard beams the Manual the 
American Institute Steel The superiority this para- 
meter over L/b may seen examining the results these tests when 
plotted against the latter Fig. 11. Here there little tendency for the 
data fall along common curve. The reason for the failure the L/b 
parameter predict the buckling strengths the beams can explained. 
can shown that the transformation the quantity, Iyd Eq, 
terms and will result the L/b parameter. However, the 
important factor then omitted from the parameter, The parameter 
Ld/bt contains the quantity 

The nominal bending strength developed the beams with the top-and- 
seat-angle and the web-angle connections was computed the assumption 
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HIGH TENSILE STEEL BOLTS 
ALL HOLES DRILLED 
CARBURIZED WASHER UNDER 
HEAD AND NUT BOLT 


SEAT ANGLE CONNECTION 


WEB ANGLE CONNECTION 


Fig. Details Semi-Rigid End 


DIRECTION 
BUCKLING BUCKLING 


CURVATURE 


(+) CURVATURE 


Fig. Sign Convention for Initial Misalignment and Twist. 
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10125.4 


NOMINAL BENDING STRENGTH, 


Fig. Comparison Nominal Bending Strength Simply Supported 
Test Beams and Actual Slenderness Ratio 


that they were simply supported and shown Fig. 12. The actual nominal 
bending strength would related the effective rigidity the end connec- 
tions and was considerably less than the values shown this figure. The 
greater rigidity developed the top and seat angle connection compared 
with the web angle connection line with previous 
should borne mind that when identical semi-rigid connections are used 
for different span lengths the same beam section, the effective end re- 
straint will increase the span length increases, 

Fig. 13, the experimental actual nominal bending strength all the 
beams compared with the theoretical value for the quarter-point loading. 
The points for Ld/bt ratios less than 600 were based upon theoretical 
critical stress which was greater than the yield point the steel and there- 

From Fig. possible determine the Ld/bt ratio below which the 
beams buckled the inelastic range observing the value which there 
was downward turn the These values were about 1100 for the 
simply supported beams and those with web angle connections and about 
1300 for those with the top-and-seat-angle connections, Wherever the beams 
buckled the elastic range, fairly good correlation was found for the simply 
supported beams between the experimental results and the predictions 
theory, This correlation with theory would suggest similar agreement 
types loading other than quarter-point loading had been used these 
tests, 

The parameter L/a used describe the slenderness 
beam subject lateral buckling. means Eq. was possible 


\ 
500 2000 2500 3000 
ACTUAL SLFNOERNESS RATIO, 


r 


1000 1500 2000 2500 
ACTUAL SLENDERNESS RATIO- 


Fig. Nominal Bending Strength 10125.4 and 10LB15 Beams. 


| 


20,000,000: 


- 


| | | | 
500 1000 1500 2000 2500 3000 


ACTUAL SLENDERNESS RATIO, 


Fig. 10. Nominal Bending Strength 12WF27 and 
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compute the factor developed the beams, These values are compared 
with the actual L/a value the beams Fig. 14. Where L/a was greater 
than about three, the simply supported beams failed the elastic range and 
the values fell near the theoretical Because the varying span- 
end rigidity the beams with semi-rigid connections, the experimental 
curves for these can best serve give approximate indication the 
probable effectiveness other similar connections. 


Effect Initial Misalignment and Centering 
the Bending Strength 


The initial misalignment the test beams and its relation the direction 
which the beam finally buckled are given Table These observations 
indicated the following: 


The direction buckling was always the direction the initial angle 
twist the web midspan except those cases where both flanges 
were deformed the direction buckling with the greater amount 
curvature the bottom 

The nature the initial curvature and twist affected the buckling 
strength with the most adverse condition occurring when both the twist 
the web and the curvature the top flange were the direction 
buckling. 

was asset the buckling strength when the top flange was initially 
deformed against the direction buckling. 

The effect misalignment upon the buckling strength the simply sup- 
ported beams appeared decrease the value Ld/bt increased. 


Since the misalignment the top flange determined the position the load, 
hence its eccentricity the line joining the support points, can seen 
that these findings were quite logical. exception the pattern (1) above 
was Beam No. whose top flange was almost straight. 

The purpose centering move the load counterbalance the 
effect the initial shape the beam. (1) and (2) above the initial rota- 
tion the cross-sections the beam would the direction buckling. 
Centering increased the load-carrying capacity these beams. The beams 
(3) above tended twist during the early stages the test the direc- 
tion opposite the final direction buckling. important that the place- 
ment the loads during centering determined the direction the twist 
during the later stages the test. Therefore, the load used centering 
must sufficiently large develop the mode deformation which 
prevail failure. 

Fig. can seen that there were sometimes considerable differ- 
ences the strengths some the duplicate beams for the shorter 
10125.4, 12WF27, and 18WF50 sections which were not centered and, con- 
trast, better agreement for the duplicate beams the 10B15 section which 
were centered, Thus the effect centering these tests was produce 
more consistent results and higher load-carrying capacity. 


Southwell’s Method Determining Buckling Loads 
1932 described method which employs analysis the 


applied loads and the resulting deflections observed the test initially 
curved column compute the buckling load which would occur the column 
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were straight. Variations this method were later developed 
and Lundquist, (14) which were applied these test data 
yield the results given Tables and Where value shown, the 
plot produced conclusive evidence. The superiority Lundquist’s varia- 
tion over that Donnell organizing the data into consistent pattern was 
indicated these tests, especially for the shorter beams, 

typical plot for both methods shown Fig. 15. Since the rotation 
the cross-sections beam appears the differential equations 
equilibrium manner similar that the lateral deflection column, 
the angle twist was used the Lundquist This type plot for 
the shorter beams consisted three parts. .At low values the load, the 
curve shown the dashed line Fig. was obtained, This was followed 
straight line, the inverse slope which was used compute the elastic 
buckling load, the beam yielded, the last part the plot developed curve 
with increasing slope, the inverse slope the tangent this last part the 
curve the point buckling was the actual critical load for the beam, 
Southwell’s plot would give this shape curve was mentioned 

Southwell’s method experimental tool could said have had 
three applications these tests: these beams which failed 
yielding, gave approximate probable elastic buckling load well 
indication the actual buckling load; second, could check the buckling load 
the beams which failed the elastic range; and third, enabled the ex- 
perimental method loading and the restraint the end connections 
checked, 

example the last might The heel the top connection 
angles Beams 57a, 57b, and came into bearing one end the 
face the supporting columns because the large lateral deflections the 
top flange close failure, and these beams never actually buckled because 
this increased degree restraint. The Lundquist plot for those beams 
near failure showed decreasing slope corresponding apparent in- 
crease buckling strength. extrapolation the straight-line portion 
the plot prior this occurrence, the probable buckling load for the initial 
degree restraint was This value was used compute the 
nominal bending strength these three beams. 


Factor Safety with Respect Present and 
Proposed Design Formulas 


The nominal bending strength developed the test beams compared 
Table with the allowable unit bending stress permitted the following 
present and proposed design formulas for structural carbon steel meeting 
ASTM Designation 7-51T. These formulas were originally derived the 
assumption that the beam was simply supported. 

and American Association State Highway Officials: 


Formula specification American Institute Steel Construction: (4) 


For Ld/bt 600 (8) 
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TABLE 


FACTOR SAFETY DEVELOPED BEAMS WITH RESPECT 
PRESENT AND PROPOSED DESIGN FORMULAS 


20,000 psi Base, 
AISC AREA AASHO 
Parabolic 
Cutoff Cutoff 


15.0 
15.0 
22.5 
22.5 
30.0 
30.0 


18.4 
18.4 
23.1 
23.1 
36.9 
36.9 


Design are follows: 
AISC, Eq. 
AREA and AASHO, Eq. 
Proposed with parabolic cutoff, with straight-line 
cutoff, 10. 
Slenderness ratio greater than that permitted code. 


Simply Supported Beams 
576 25.8 1.35 1.84 1.84 1.76 
696 32.2 1.32 1.78 1.53 1.59 
700 32.2 1.26 1.8 1.45 1.57 
1115 51.6 1.48 1.48 1.45 
1120 51.6 1.62 1.62 1.58 
1731 77.3 1.67 1.67 1.67 
Simply Supported 
546 1.71 2.02 2.02 2.10 2.18 
555 1.68 1.99 1.99 2.07 2.16 
832 2.13 1.9 1.99 2.22 2.30 
1.98 1.86 1.86 2.07 2.15 
1111 1.96 1.56 1.96 1.91 
1111 1.96 1.57 1.57 1.96 1.92 
Simply Supported Beams 
575 1.48 1.81 1.81 1.92 
576 1.42 1.74 1.85 
723 1.55 1.68 1.68 1.82 
705 1.19 1.33 1.42 
1130 1.64 1.55 1.60 
1155 1.58 1.46 1.52 
1725 1.60 1.60 
1680 1.61 1.61 


TABLE 


FACTOR SAFETY DEVELOPED BEAMS WITH RESPECT 
PRESENT AND PROPOSED DESIGN FORMULAS 


Factor Safety# 
20,000 psi Base, pei 


AREA AASHO 
Parabolic 
Cutoff Cutoff 


48. 


2.31 2.31 
2.47 
2.20 2.20 


ee 


Beam 
Simply Supported 
530 1.30 1.55 1.55 1.59 1.64 
534 1.49 1.78 1.88 
664 1.71 1.94 1.94 2.03 2.11 
666 1.45 1.64 1.64 1.71 1.78 
Beams with and Seat Connections 
822 22.5 2.61 
30.0 3.29 3.29 3.21 
30.0 2.75 2.75 2.68 
45.0 3.33 3.33 3.33 
60.0 3.67 3.67 3.67 
60.0 3.80 3.80 
with Web Angle Connections 
826 22.5 2.40 2.26 2.50 2.60 
826 22.5 2.29 2.16 2.16 2.48 
30.0 2.35 1.89 1.89 2.30 
30.0 2.50 2.02 2.02 2.50 2.46 
45.0 2.47 2.47 2.47 
45.0 2.49 2.49 2.49 
60.0 2.57 2.57 2.57 
60.0 2.55 2.55 2.55 
a 


Formula proposed Karl incorporating parabolic cutoff: 


For Ld/bt 1000 18,000 0.006(Ld/bt)? 


12,000,000 


For Ld/bt 1000 


Formula (17) incorporating diagonal straight-line cutoff: 


For Ld/bt 250 18,000 
For 250 Ld/bt 1500 20,000 8(Ld/bt) 


The allowable unit stresses the above formulas are given pounds per 
square inch, These formulas are plotted Fig. 

Comparison with the AREA and AASHO formula Eq. was possible for 
only the shorter beams permitted under these specifications. Because the 
L/b parameter did not closely predict the nominal bending strength the 
simply supported beams, the factors safety with respect these formulas 
were subject considerable variation with the margin safety general 
being less for the more slender beams. 

the case the simply supported beams, the formulas based the 
Ld/bt parameter gave fairly uniform factor safety with respect the 
proposed formulas, Eqs. and 10, but with respect the AISC formula, 

Eq. only the case the more slender beams, These latter beams 
buckled the elastic range. For the beams which buckled the inelastic 
range, the factor safety was dependent upon the yield point the material 
and was low Table shows. these beams had had the 
minimum yield point 33,000 psi specified for structural carbon steel, the 
factor safety for these beams would have been even lower with respect 
the AISC specifications (Eq. 8). The cutoff curves used the two proposed 
formulas (Eqs. and 10) provided much more adequate margin safety 
for the shorter beams. fact they afforded factor safety with few ex- 
ceptions excess 1.50. 

The beams with the two types very flexible semi-rigid connections all 
developed factors safety terms simple beam bending strength much 
greater than that which usually considered necessary member subject 
possible buckling. For values Ld/bt below 1100, these types connec- 
tions would assure entirely adequate margin safety for beams designed 
Eq. For larger slenderness ratios, would desirable for design 
specifications permit heavier loads than those now allowed order take 
advantage the increased strength supplied this type connection which 
usually considered have moment-carrying capacity. 

might well point out some the uncertainties that exist the de- 
sign beams with values Ld/bt between 600 and 1100, Factors which 
have significant effect upon the length beams this range slenderness 
are, 


The actual yield point the material the beam. 
The initial misalignment the beam. 


(9) 
2 


-~ 


AASHO AND AREA FORMULAS 


AND PROPOSED FORMULAS 


12,000,000 


2000 2500 


Fig. 16. Allowable Unit Bending Stresses Present and 
Proposed Design Formulas. 
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The very adverse effect failure provide adequate lateral support 
the span end secure them from rotating tipping. 
Tests Cyr and Hechtman showed that short beams without any 
such support except that given the beam seat might not even sustain 
the design load for laterally unsupported simple beam. 


The principal findings and conclusions this investigation may sum- 
marized follows: 


The test beams buckled the elastic range when the value Ld/bt 
was greater than about 1100 for the simply supported beams and those 
with web angle connections and greater than about 1300 for those with 
top and seat angle connections. Below these slenderness ratios, the 
beams buckled the inelastic range. 

When the beams failed the elastic range, correlation between the ex- 
perimental and theoretical values the buckling load and nominal bend- 
ing strength was obtained, Either the deVries (Eq. the Winter- 
Schrader (Eq. formula accurately predicted the critical buckling 
loads. 

When the beams failed the inelastic range and the yield point the 
steel and the shape the stress-strain curve became factors, the 
actual bending strength the beams was less than the theoretical and 
could adequately represented cutoff curve similar that which 
has already been experimentally established for intermediate length 
columns. 

While the slenderness ratio Ld/bt became less definitive predicting 
the nominal bending strength the test beams its value decreased, 
was shown entirely adequate parameter for the design 
rolled beams and strongly recommended therefor. 

The test beams developed adequate factor safety with respect 
the design formula, 


(8) 


when parabolic cutoff was used for values Ld/bt less than 1000 
diagonal straight-line cutoff for values less than 1500. The need for 
such cutoff the case simply supported beams was shown 
these tests. 

The factors safety the test beams with respect the design 
formula, 


were subject considerable variation and general decreased the 
value L/b The factors safety for the sections tested 
were adequate, but possible that other sections would not have 
given favorable results. Moreover, this design formula not appli- 
cable slender beams which showed good load-carrying capacity 
these tests. 

For beams with values Ld/bt between 600 and 1100, the two types 
semi-rigid end connections provided adequate factor safety with 
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respect Eq. which assumes simple beam support. For greater 
slenderness ratios, desirable that design specifications take ad- 
vantage the increased strength supplied this type connection, 
The buckling strength was found related the initial misalign- 
ment and twist the 
The Southwell method adapted was found useful 
tool for analyzing the data lateral buckling tests beams, 
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NOTATION AND SYMBOLS 


The notation and symbols used this report may defined follows: 


Span length, these tests also the laterally unsupported 
length compression flange beam, 


Depth beam, 
Width beam flange, 


Modulus 


Moment inertia beam about y-axis; 


Average thickness beam flange, 

the minimum moment inertia. 


Moment inertia beam cross-section about 
the maximum moment inertia. 


Torsional constant stiffness beam cross-section, 


Torsion-bending constant beam cross-section, 

Torsional constant beam cross-section, C/G. 
Total load beam, 
Critical load, 
Simple beam moment transverse loads beam, 
Nominal bending strength critical stress, 
Allowable unit bending stress, 
Buckling factor, 
Rotation cross-section beam with respect vertical, 
Initial angle twist midspan, 
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